Antisera Anti-ArOse3Cer antisera were prepared in rabbits by repeated injection of a mixture of hapted-BSA with Freund's adjuvant as described previously15)-17). Three booster shots were given at 2, 3 and 4 w and antisera were obtained 1 w after the last injection. The antibody titer was monitored by ELISA. When the titer reached the maximum level, the antisera were collected and heated at 56 °C for 30 min to inactivate complement.
2.3 Purification of Anti-ArOse3Cer Antibody Purification of anti-ArOse3Cer antibody was essentially the same as in previous work15)-17) and all the procedures were carried out at 4 °C . The crude antibodies fractionated from the heat-inactivated antiArOse 3 Cer antisera with 33 % saturated (NH4)2SO4 were dialyzed against PBS, and then the antibodies against BSA were removed by passing through a BSA-Sepharose column, prepared by coupling the CNBr-activated Sepharose 4 B with BSA. The breakthrough fraction was further purified by affinity chromatography using ArOse3Cer coated on octyl-Sepharose20). The eluates obtained using 3 M NaSCN in PBS were collected, immediately dialyzed against PBS, and stored at a protein concentration of about 250 fig/mL in PBS at -85 °C until use.
2.4 ELISA The reactivities of several glycosphingolipids with anti-ArOse3Cer antibody were determined by ELISA as described previously10,1-7). After blocking with 4 % horse serum in PBS, the desired glycosphingolipids (500 ng) coated on microtiter plates were incubated for 30 min at room temperature with anti-ArOse3Cer antibody diluted serially with PBS containing 0.05 % Tween 20 and 4 % horse serum. Antibody bound to the plates was measured with peroxidaseconjugated anti-rabbit IgG antiserum diluted with PBS containing 0.05 % Tween 20 and 4 % horse serum at 1 200 as the second antibody, and a mixture of H202 and o-phenylenediamine as the enzyme substrate. 2.5 TLC-Immunostaining Neutral glycosphingolipids were chromatographed on thin-layer plates (Polygram Sil G ; Macherey-Nagel, Duren, Germany) with the solvent system of chloroform-methanol-water, 6 : 4 : 1 (vol/vol). After being thoroughly dried, the plates were incubated with the blocking buffer (1 % PVP, 5 % horse serum, and 0.02 % NaN3 in PBS) at 37 °C for 1 h. Then the plate was incubated in a solution of about 2.5 gg/mL anti-ArOse3Cer antibody protein (ELISA titer, 1 : 128) in 3 % PVP in PBS at 37 °C for 2 h. After washing the plate 5 times with PBS containing 0.1 % Tween 20, the antibody bound to the plate was detected with peroxidase-conjugated anti-rabbit IgG antiserum, diluted with 3 % PVP in PBS at 1 : 500, and the enzyme substrate (H202 and 4-chloro-l-naphthol)
as described previously16),17).
2.6 Immunostaining of Cryostat Sections A small fresh-water shrimp, M. nipponense (about 2-3 cm length, ) fasting at least for 2 d was quickly frozen in dry iceacetone, and embedded in O.C.T. Compound (Miles Laboratories Inc., Napervill, IL, U.S.A.). The embedded shrimp was cut into 7 gm sections with a Cryostat 2800 Frigocut-N (Cambridge Instruments GmbH, Germany) at -20 °C. The sections on polylysine-coated slide glasses were fixed for 30 s in cold acetone and treated with tissue conditioner and blocking reagent (immunohistochemical staining kit, Biomeda Corp.). They were then incubated for 2 h with anti-ArOse3Cer antibody (about 5 gg/mL protein ; ELISA titer, 1 : 64) which was diluted with 0.5 % BSA in PBS. Nonimmunized rabbit IgG diluted in the same manner was used as a control (negative control).
The speciments were washed with cold PBS and stained using an immunohistochemical reagent kit. Finally, the stained specimens were immersed in 20 % glycerol, and observed under a microscope. For the delipidated control, the specimens were extracted prior to blocking, first with methanol and then with chloroform-methanol were treated in boiling water for 5 min, and each tissue was homogenized in a blender with 3 vols of cold acetone. The residues were washed with 2 vols of cold acetone and dried. The glycosphingolipids were extracted from the acetone powder and the antigen contained in the neutral glycosphingolipid fraction was purified by successive column chromatography on DEAEand QAESephadex, and silicic acid (Iatrobeads 6 RS-8060 ; Iatron Lab., Tokyo) as described previously50).
The homogeneity of the isolated glycosphingolipid was examined by TLC with orcinol-H2SO4 for detection and by TLC-immunostaining with anti-ArOse3 Cer antibody.
2.9 Structural Analysis of the Crustacean Glycosphingolipid The structure of the isolated glycosphingolipid was determined by GC, permethylation analysis22), enzymatic degradation12), 23), and TLC-immunostaining with anti-ArOse3Cer antibody.
The fatty acid and long-chain base compositions were determined by GC and GC-MS using fatty acid methyl esters and trimethylsilyl derivatives of sphingoids24), 25).
Results and Discussion

Detection and Purification
of AntiArOse3Cer Antibody Rabbits injected with ArOse3Cer isolated from L. caesar larvae raised antibodies which can be assayed by the ELISA. The antibody titer measured by ELISA using peroxidase-conjugated goat anti-rabbit IgG as a second antibody was greatly elevated after 4 w and reached a maximal level 5 w after initial immunization including the booster injections.
Booster injections were given at 2, 3 and 4 w, and enhancement in antibody production was observed following the booster immunizations.
Thus, repeated immunizations seem to be as important for the preparation of anti-ArOse3Cer antiserum as the preparation of antibodies to MlOse2Cer and MlOse4Cer16), 17). The titer with anti-rabbit IgG antiserum was more intense than that with anti-rabbit IgM antiserum, indicating that the activity of anti-ArOse3Cer
IgG antibody is higher than that of anti-ArOse3Cer
IgM antibody (data not shown). Before proceeding further, it was necessary to remove anti-BSA antibody, which was present in the rabbit antiserum because of the use of BSA in immunization as a carrier for the haptenic glycolipid antigen.
The removal was accomplished, from the globulin fraction obtained from antisera by (NH4) 2 SO4 precipitation, by use of a BSA-coupled Sepharose affinity column. A portion of the pass-through fraction was further purified by an octyl-Sepharose affinity column coated with ArOse3Cer.
Specificity of Affinity Purified Anti-
ArOse3Cer Antibody The reactivity of affinity-purified antiArOse3Cer antibody titer towards various glycolipids including mannolipids and their homologues was measured by ELISA, and the results are listed in Table- When the anti-ArOse3Cer antibody titer used in this experiment as measured by ELISA was 1 : 64, complete inhibition was obtained with 125'-250 pmol of ArOse3Cer. While 4--8 pmol of ArOse3Cer was the lower limit of detection in this inhibition test, no inhibitory effects were observed with as much as 3 nmol of other glycosphingolipids including Amino-CTH and MlOse4Cer, except for ArOse3 -sphingosine (liposomes of ArOse3-sphingo- Table-1 Glycosphingolipids used for the present study and cross-reactivities of the affinity-purified antibody as measured by ELISA.
The titers were defined as the dilution at which the absorbance reached the background value.
sine could not be prepared). These observations indicated that anti-ArOse3Cer antibody was specific for ArOse3Cer.
3.3 Detection of Antigen in Crustacean. Glycolipids by TLC-Immunostaining After ascertaining the hapten specificity of anti-ArOse 3 Cer antibody by use of ELISA as described above, it was determined that the antibody may be used as a "monospecific" probe for the detection of
ArOse3Cer. We applied TLC-immunostaining to detect this glycolipid in two crustacean species, Euphausia superba (antarctic krill) and Macrobra. chium nipponense (fresh-water shrimp). First, various amounts of the authentic glycosphingolipids listed in Table- Glc-Cer by using immunological techniques17). In the present study, we demonstrated on the presence of the second mannose-containing glycosphingolipid belonging to the arthro-series.
The ceramide moieties were composed of monounsaturated acids (22 : 1 and 24 : 1) as the major fatty acids and tetradecasphingenine as the main sphingoid, and these compositions were great similar to those of Man Glc-Cer.
The similarity in the compo- antibody was observed only in the three organs, green gland (emunctory organ), esophagus and gill (respiratory organ).
In green gland, staining was intense in the reticulate ureter. In esophagus, staining was observed in the portions regarded as ciliary ; while in gill, staining was most intense at the tip (Fig.-2) .
These observations indicate that ArOse3Cer distributes specifically in the non-nervous tissues.
